Calculation Accelerogram Parameters for a “Construction-basis” Model, Nonlinear Properties of the Soil Taken Into Account  by Mkrtychev, O.V. et al.
 Procedia Engineering  91 ( 2014 )  54 – 57 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of organizing committee of the XXIII R-S-P seminar, Theoretical Foundation of Civil Engineering (23RSP)
doi: 10.1016/j.proeng.2014.12.011 
ScienceDirect
Available online at www.sciencedirect.com
XXIII R-S-P seminar, Theoretical Foundation of Civil Engineering (23RSP) (TFoCE 2014) 
Calculation Accelerogram Parameters for a "Construction-Basis" 
Model, Nonlinear Properties of the Soil Taken Into Account 
O.V. Mkrtycheva, G.A. Dzhinchvelashvilia, M.S. Busalovaa* 
a Moscow State University of Civil Engineering, Yaroslavl highway,26, Moscow, 129337, Russia 
Abstract 
When designing especially important structures, the design codes prescribe to consider the nonlinear properties of soil ground 
[1]. When being calculated on earthquakes, stress and strain vary over a wide range, and the relationship between them becomes 
significantly nonlinear. There is a need to take into account this non-linearity when describing constitutive relations.  
Soil model must meet the following basic requirements: 
x Be able to display the actual mechanism of soil deformation; 
x Contain parameters which can be determined by standard laboratory tests; 
Have a commonality and ease of usage from the computational point of view. 
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1. Problem statement 
Let us consider the slab lying on a nonlinear deformable half space. A uniformly distributed load equivalent to the 
weight of the 18-storey building is applied to this slab. Design scheme is shown in Fig. 1 and in Fig. 2 - applied in 
the vertical direction Z external impact accelerogram. The synthesized accelerogram of initial exposure is obtained 
by the Institute of Physics of the Earth (IFZ), Russian Academy of Sciences for the Imereti lowland district of Sochi. 
Solution of the problem will be sought in the time domain by direct integration of the motion equations for the 
explicit scheme using software package LS-DYNA [2]. The simulation was performed using volumetric finite 
elements. 
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Fig. 1 Design scheme. 
 
 
Fig. 2 External impact accelerogram. 
The following initial data were taken: Slab - plan size 20 m ɯ 20 m; thickness - 1 m; elastic modulus 
MPa103 4 ȿ  ; Poisson's ratio 0.2Q  ; the density of the slab material 32500 .kg mU  The weight of each mass 
concentrated at the slab nodes is 70 000 kg. The foundation soil is given in the form of nonlinear deformable half by 
the Mohr-Coulomb model. As a criterion for soil conversion into a plastic state the following linear relation 
expressing the well- known Coulomb's law for soils can be applied [3]:
 
,n nc tgW I V    (1) 
where    nW nV  are  tangential and normal (compressive) stress components on the elementary area with; 
c  specific cohesion, 
M  angle of internal friction of soil. 
Summarizing the Coulomb criterion (1) for the three-dimensional stress-strain state, we get the following yield 
condition: 
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In the main stress space equations (2) form a yield surface   in the form of hexagonal pyramids (often called 
pyramid Mohr-Coulomb), the axis of which coincides with the hydrostatic one and the vertex is located in the point 
with coordinates: 
^ `; ; .c ctg c ctg c ctgM M M    (3) 
Physical and mechanical characteristics of the soil are defined as follows: density 32000kg mU  ; Poisson's 
ratio 0.3Q  ; deformation modulus 100 MPa, specific cohesion 34kPa, c   angle of internal friction 23M  $ . 
The calculation was made using the procedure of SSI (Soil-Structure Interaction) [4, 5]. This algorithm can 
effectively simulate the interaction design with linear and nonlinear deformable half-space in the form of a limited 
array with "transparent" borders. 
Fig. 3 shows a fragment of slab point acceleration on nonlinear deformable half (curve A). For comparison, the 
graph shows an initial exposure accelerogram (curve B), applied in the vertical direction. 
 
 
 
Fig. 3 Initial accelerogram (curve B) and the acceleration of middle slab point (curve A). 
 
Fig. 4 provides a comparison of the original accelerogram spectrum (curve B) obtained for a free 
ground surface and acceleration spectrum of the slab middle (curve A). 
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Fig. 4 Initial accelerogram spectrum (curve B) and slab middle acceleration spectrum (curve A).
 
2. Conclusion 
Thus, in this study accelerations of a foundation slab lying   on nonlinear deformed basis, adopted by the Mohr-
Coulomb model under the action of a vertical component of earthquake accelerograms are identified. According to 
results one can see that the initial accelerogram undergoes correcting, and that fact leads to conclusion that 
neglecting of parameter change with external seismic impact, caused by the influence of a structure itself, leads to an 
error in calculations and goes not for "reserve", which in turn can lead to a shortage of bearing capacity and seismic 
resistance of building structures designed in seismic regions. 
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